During investigations of the discharge of sweat from the minute orifice of the sweat ductules it was observed that sweat tended to form droplets over the sweat pore before spreading over the surface of the skin. In order to understand the dynamic forces involved in sweat secretions, together with the physical factors concerned in evaporation from the skin surface, we found it necessary to know the surface tension of sweat. We have been unable to find the necessary data in the literature upon this particular characteristic of the sweat gland secretion, and therefore attempted to measure the tension from droplets as they accumulated on the body surface, as well as from larger quantities of secretion collected in clean, dry pipettes from profusely sweating individuals.
During investigations of the discharge of sweat from the minute orifice of the sweat ductules it was observed that sweat tended to form droplets over the sweat pore before spreading over the surface of the skin. In order to understand the dynamic forces involved in sweat secretions, together with the physical factors concerned in evaporation from the skin surface, we found it necessary to know the surface tension of sweat. We have been unable to find the necessary data in the literature upon this particular characteristic of the sweat gland secretion, and therefore attempted to measure the tension from droplets as they accumulated on the body surface, as well as from larger quantities of secretion collected in clean, dry pipettes from profusely sweating individuals.
The capillary rise method was chosen because of the small quantities of materials necessary, the minimum evaporative loss during a determination and the ease and rapidity with which determinations could be made.
Numerous capillary tubes with a diameter of 0.25 to 0.50 mm were drawn from soft glass and broken into approximately 20 cm lengths. Absolute uniformity in the bore of these tubes is not as critical as might be expected since the significant measurements are made at the level of the meniscus in each case.
The tubes were immersed for 24 hours in warm chromic cleaning solution, rinsed thoroughly in many changes of distified water, and dried before use. Perfect cleanliness is essential for consistent results and any relaxation in care to maintain extreme cleanliness is apt to result in erratic results. The tubes were used once and discarded or carefully cleaned again before re-use.
The sweat in a relatively large droplet whose tension is to be measured is allowed to rise in the capillary while the capifiary tip is well immersed, then held at an angle so that it ifils well above the level of equilibrium. The tip of the capifiary is then raised to the surface of the liquid with the capifiary tube held vertically until equilibrium is reached. The height of the fluid column in the capillary is measured and the tube placed on a special slide (Fig. 1) under the compound microscope where the internal diameter of the capifiary at the meniscus is measured together with the angle of contact between the fluid meniscus and the glass wall. For these measurements a calibrated optical micrometer and a camera lucida are used. The angle may be either traced and measured later or compared directly with a protractor at the time of observation. We have found the former procedure more satisfactory for our purposes.
When sweating was sufficiently profuse it was collected in clean pipettes and transferred to a clean, shallow watchglass. From five to ten capillary tubes were then suspended over the sweat sample and the surface tension determined. In this manner, error introduced by trapping of minute particles of cellular debris or dirt in the capillary tubes could be separated out by eliminating values which were in gross discrepancy with the remaining determinations made at the same time on the same sample. Close correspondence was thus obtained in about four out of five tubes.
Perhaps the greatest objection to the capillary rise method of determining surface tensions routinely on biological materials is the difficulty in determining accurately the internal diameter of the capillary tube. Relatively small errors in this determination greatly affect the calculated value for surface tension. The capillary tube and its contents act as a lens and greatly distort the appearance of the lumen observed microscopically. The special slide ( Fig. 1 ) was therefore constructed from hard fiber material cemented onto a 20 x 45 mm glass microscope slide. In the center of the fiber block, which is about 7 mm deep, is a well of sufficient diameter to accommodate the low power microscope objective. At nearly but not exactly right angles to this well, and in the plane approximately parallel to that of the microscope stage, a tunnel is bored to accommodate the capillary tube. The well was filled with water thus providing complete immersion of the segment of the capillary tube in which the meniscus came to rest. Precise micrometer determinations of the internal diameter of the capillary tubes were then possible. If the small tunnel through the sides of the fiber block is lubricated with a little vaseline, the larger well wifi retain aqueous solutions very well.
The tunnel which retains the capillary is, in addition, bored with a downward slant of approximately 5° in order to keep the fluid from moving upward when on the microscope stage. This slight angle is not enough to alter significantly the meniscus in the tube.
Our measurements of various pure substances agree well with those listed at comparable temperatures in the Handbook of Chemistry and Physics. In Table 1 the figures shown in column one are from the handbook, those in columns two and three are our own data.
In column two the effect of the angle of contact is considered, in column three it is neglected. The values are calculated from the usual formula: It is apparent that the discrepancy introduced by neglecting the angle of contact is, in most cases, less than 2%, or within the limits of error of the experiment. This determination is therefore unnecessary for purposes of these experiments. Table 2 shows the average values observed for the surface tension of sweat obtained from nude men reclining at rest on a wire screen bed or while doing very moderate work at a dry bulb temperature of approximately 100° F. with a wet bulb temperature of 78° F. In most instances sweating was quite profuse, and adequate amounts of sweat could be obtained easily for the determinations. Any attempt to scrape the sweat off the skin was almost invariably accompanied by surface tension values 25 to 50% lower than those obtained simultaneously by careful collection in a clean pipette, or directly from the accumulated droplet over the sweat pore.
Because of the relatively wide range of the data in Figure 2 , and to further check the capillary rise method for the determination of surface tension of biological fluids such as sweat (where contamination with surface active substances or cellular debris is so difficult to avoid), surface tension was obtained directly by measuring the pressure required to just prevent any rise in the capillary tube. Table 3 with values of o• as determined by the capillary rise method carried out simultaneously on the same sample. it is evident that although the values as determined by the direct method are slightly different from those made simultaneously on the same sample by the capillary rise technic, the method is entirely adequate for use in determination of surface tension of biological fluids such as human sweat.
DISCUSSION
It is evident from the data on chemical solutions in Table 1 that the capillary rise method as modified in our procedure is adequate for determination of data with a much smaller percentage error than is evident in the relatively wide range of values observed for sweat (Table 2 ). This wide range suggests that the varia-CAPILLARY MANOMETER tions represent real differences in surface tension of the different sweat samples. Contamination of the sample with capillary active substances from the normal cutaneous secretions could readily occur during collection of the sample and probably contributes to the variation.
Most salts may be classified among the "capillary inactive" substances which give solutions having a surface tension only slightly greater than that of pure water (2) . Thus, variations in salt concentration (in sweat as compared with physiological saline or Ringer's solution) should have comparatively small influence on surface tension (Table 2) . Except for the inclusion of capillary active substances within the sweat secretion, then, it is probable that surface tension of sweat and physiological saline would be closely comparable. To illustrate the effect of capifiary active substances, minute quantities of bile salt (sodium choleate) were added to Ringer's solution with a resultant lowering of surface tension (Table 2) .
Although the effect was less marked when Ringer's solution or distilled water was contaminated with secretions scraped from forehead skin, surface tension was generally decreased. Similar lack of precise consistency in values for surface tension of biological fluids have been reported by others. Grinberg and Berman (3) found variations from 66.6 to 70.1 dynes/cm for the surface tension of fresh serum from ten different species of animals. LeCompte DuNouy (4) described a rapid and spontaneous decrease in surface tension of serum as a function of time, and later concluded this drop is due to adsorption in the superficial layer of active substances (5) . A drop in surface tension with time was also noted by Johlin (6) who observed it in solutions of isoelectrie gelatin, and by Perryman and Selons (7) who reported it in urine. The latter authors also observed diurnal variation in surface tension of urine and a monthly cyclical variation in the female which corresponded closely to the menstrual cycle.
The significance of a decreased surface tension of sweat secreted onto the skin surface could conceivably be great in facilitating more rapid spreading of the sweat droplets over the skin surface to effect more efficient evaporation in the elimination of heat from the body. Direct microscopic observation of the sweat droplets as they form on the skin surface reveals precisely this effect when detergent solutions are wiped on the skin. Lowering of the surface tension per se, however, appears to have but little if any significant effect upon the evaporative rate. This point was studied by comparing the evaporative rates of distilled water, and water in which the surface tension had been altered by the addition of detergents.
Only slight systematic differences could be detected in evaporative rates of aqueous solutions having different surface tensions. Table 4 illustrates the relationship between surface tension and evaporative rate when the commercial detergent Joy was added to distilled water in measured amounts. In our experience there was no significant difference in surface tension of sweat collected simultaneously from different areas of the body. Average values for sweat collected from the back, face, and leg differ but slightly from an overall average of approximately 69.00 when the samples are collected during profuse sweating.
SU4MARY
A modification of the capifiary rise method for determination of surface tension adapting the method for relatively simple laboratory determinations of surface tension of sweat and other body fluids is described and compared with a more direct method of determination. The surface tension of sweat as it accumulates on the skin surface was found to average about 69-70 dynes per cm., although values considerably lower than this may be encountered if the sweat is contarninated with surface debris or capillary active materials. No consistent differences were observed in surface tension of sweat collected from the back, face or leg. Although surface tension per se appeared to have little or no systematic influence upon evaporative rate, it is pointed out that if the surface tension were reduced by capillary active substances during the process of discharge from the sweat ductule, more rapid spreading over the skin surface would tend to facilitate more rapid evaporation from a relatively larger surface area.
